Seventeen lots of microtiter plates which differed in lot, batch, plastic type, or manufacturer were evaluated as solid-phase carriers in enzyme-linked immunosorbent assays for antibodies to measles, toxoplasma, and human gamma globulin. Most plates of polystyrene or polyvinyl chloride were found to give acceptable binding. The final choice depended on the antigen to be attached. Variations in binding between lots, batches, and types of plastic were found. Well-to-well variation was found to be of greater statistical significance than edge effect and should be a consideration in selection of a plate lot for enzymelinked immunosorbent assays. Lots of plates should be pretested by the investigator to determine whether there is good binding of the antigen to be used and whether there is low plate-to-plate and well-to-well variation.
(ii) Toxoplasma antigen. Toxoplasma antigen was prepared as previously described (12) . Briefly, toxoplasma organisms in peritoneal exudate from infected mice were harvested, washed, suspended in water, and disrupted by sonication; debris was removed by low-speed centrifugation, and the supernatant, diluted 1:1,000, was used as antigen. (iii) Gamma globulin. Pentex human gamma globulin fraction II (Miles Laboratories, Inc.; lot no. 42) diluted in phosphate-buffered saline (100 to 0.1 pg/ml) was used.
(iv) Conjugate. Rabbit anti-human immunoglobulin G alkaline phosphatase conjugate (Microbiological Associates; lot 40365) was used. Optimal dilution was 1:1,000 for all assays.
(v) Substrate. Sigma Chemical Co. 104-105 phosphatase substrate tablets (p-nitrophenyl phosphate, disodium) lot 1OF-6153 (1 mg/ml) was dissolved in diethanolamine buffer (pH 9.8).
(vi) Antisera. Serum pools used in this laboratory as positive and negative standards for routine ELISA testing for measles and toxoplasma antibodies were used in assays.
ELISA procedure. Microtiter plates were sensitized with antigens appropriately diluted in phosphate-buffered saline (pH 7.4) and were delivered to the wells (200 ktl per well) with a multichannel, variable-volume Finn pipette. After incubation at 4°C overnight, the plates were washed with phosphate-buffered saline plus 0.05% Tween 20 three times and patted dry. Positive or negative serum, diluted in phosphate-buffered saline containing 1% bovine serum albumin and 0.05% EDTA (sodium edetate), was added to each of the sensitized wells. After incubation in a moist chamber at 37°C for 90 min, the plates were washed as described above. Conjugate diluted in the sample diluent was added (100 ,ul per well). The plates were incubated for 1 h at 37°C and then washed as described above. Substrate in diethanolamine buffer (1 mg/ml) was added to each well (100 pil per well) and incubated at 37°C for 30 min. The reaction was stopped by adding 50 ,utl of 3 M NaOH per well. The intensity of the color reaction was read with a Dynatech micro-ELISA reader (model MR580) at 405 nm.
Preliminary titrations and standards. Dynatech (Greiner) Immulon micro-ELISA plates, lot 112079, which had been found to be the most satisfactory of several lots tested for a number of different ELISAs in our laboratory, were used as a standard for the comparisons. Optimal dilutions of antigens and conjugate were determined on these plates by checkerboard titration (11) sera with the measles and toxoplasma antigens and twofold dilutions of human gamma globulin from 100 to 0.1 ,ug/ml. Curves derived from this data ( Fig. 1 to 3 ) were used to determine optimal screening dilutions for the rest of the plates studied. Plate-to-plate variation. Seventeen lots of plates which differed in lot, batch, plastic type, or manufacturer were tested with the optimal dilution range thus derived, and comparisons were made between the plates at serum dilutions of 1:256 for measles antibody, 1:64 for toxoplasma antibody, and 10 ,ug of gamma globulin per ml. A list of the plates tested is presented in Table 1 . Well-to-well variation. To study well-to-well variation in microtiter plates, we examined results with four nonirradiated PS plates, three irradiated PS plates, and one PVC plate. Plates had been sensitized with measles antigen, toxoplasma antigen, or gamma globulin (10 pg/ml). Standard high-positive antisera to measles or toxoplasma were diluted 1:500 in serum diluent and added (100 ,uI per well) to all wells of appropriately sensitized plates. Following the procedures outlined above for performing ELISAs, the tests were completed and read. Mean OD, standard deviation (SD), and range were determined for each plate.
Edge effect. Well-to-well variation, which is more pronounced in the outer row of wells, has been described in the literature as edge effect (2, 7) . Statistical analysis of data from the assays with toxoplasma antigen was done to determine whether results from the edge wells and the inner wells were significantly different. The 96-well plate was described for this study as having 8 (Table 3) . Generally, PS and PVC plates gave higher readings than did nylon, polysulfone, and Lucite with the measles antigen. PVC plates gave higher readings for toxoplasma antibody than did most of the PS plates. The irradiated American Immulon plate gave high readings with three antigens, but background was higher in the measles and toxoplasma assays. Gamma globulin bound equally well to PS, PVC, and nylon but not to Lucite. Significant lot-to-lot variation was observed in the Falcon and Linbro plates. From the results, it is apparent that any one of the lots of PVC or PS plates tested could have been used in the assays under study. They could not, however, be used interchangeably for quantitative assays, particularly if a single-test dilution method were to be employed.
Well-to-well variation. A summary of the results of studies on well-to-well variation with the three antigens is presented in Table 4 . In general, irradiated plates gave higher SDs and well-to-well variation than did nonirradiated plates. The SD of the PVC plate was lower in assays with measles and toxoplasma antigens but higher with gamma globulin. Gamma globulin bound especially well to PVC and irradiated PS.
Edge effect. Analysis of the mean OD of the edge wells versus the mean OD of the interior wells showed the difference to be close to the SD for the plate (Table 5 ). The edge mean in all cases tended to be higher than the interior mean. These plates were incubated in a moist chamber, which seems to reduce but not eliminate the problem of edge effect.
Statistical analyses of the toxoplasma results showed that the data was normally distributed but varied significantly from plate to plate. The edge effect is significant by itself in all of the plates except Dynatech lot 81079. The significance of the edge effect diminished in all plates except Dynatech PVC lot 3 when the row and column effect was accounted for ( Table 6 ). The row and column effect remained significant even after the edge effect was accounted for. Another measure of the effect of plate variation is the coefficient of multiple determination (or squared multiple correlation), r2. Immulon 112079 plate is due to edge effect and 66% is due to effect, is significant. Analysis of the inner wells showed only row and column effect (Table 7) . After adding the row and the row and column effect to remain significant and uncolumn effect to the edge effect, the r2 remained at 66%, changed. indicating that the row and column effect, but not the edge Two criteria which could be used to determine the best plate for use in the evaluation of toxoplasma antibody with our toxoplasma antigen would be variance (least variable data between wells) and ratio of the mean to the SD. Table 8 summarizes the variance, mean, SD, and the mean-to-DS ratio for each plate tested. The variance is obtained from the variance model, and its df is 70. The model included the row and column effect, and the mean is the simple average of the data. Dynatech PVC had the smallest estimated variance and the largest estimated mean-to-SD ratio (Table 8) , and therefore it probably is the best plate for this ELISA system.
Pretreatment. The effect of pretreatment on five lots of plates is presented in Several cleaning agents were used in an effort to improve antigen binding on lot 81079 (Table 10 ). Both 25% acetone and 25% methylene dichloride reduced the background reading on plate 81079. Binding was increased only on the acetone-treated plate. Treatment with methylene dichloride caused visible crazing of plate 112079, which probably accounts for the higher OD reading (crazing produced greater surface area for binding of measles antigen). Methylene dichloride had no visible effect on 81079, nor did it increase binding capacity, which may indicate that the surface contaminant gave protection from the deleterious effect.
The nature of the oily surface contaminant was not determined, but the plates could be made usable by treatment with 25% acetone for 5 min. Problems with Dynatech lot 81079 have also been reported by others (8 Since microtiter plates were not originally designed for ELISAs, the interaction of proteins with the plate material was not a consideration in their physical composition or in the quality control by the manufacturers. Chemical formulations and production procedures were directed primarily toward improving optical clarity and uniformity in shape. As use of the microtiter plate for the ELISA solid phase increased, wide lot-to-lot, plate-to-plate, and within-plate variations were encountered, and it became apparent that plates made of different materials varied in their ability to Fig. 1 Variation in type or lot of plastic carrier had the least effect on tests in which endpoint titrations were made. Although great variation in the prozone and plateau OD readings were noted when the same serum was tested on several plates, the endpoint titers fell within one dilution for all plates. If quantitative single-dilution determinations are to be used, it is important to select a dilution high enough so that the readings can be made in the effective part of the curve, i.e., at a dilution at which a high-titer serum would fall on the upper part of the descending curve. At lower dilutions, the erratic OD readings of a high-titer serum would be difficult to evaluate. Low and medium-titer serum at the higher dilutions can be evaluated as they relate to the high positive and negative controls.
From the endpoint titration curves with several different plates, it can also be seen that those giving very high OD readings at the prozone and plateau area may not be the ideal plate for quantitative single-dilution assays because the slope is so steep that the range of titers which can be detected is relatively small.
Most of the plates included in this study were recently manufactured, and many were made specifically for ELISA test. It is evident that any one of the PS or PVC microtiter plates tested could have been used in the ELISA systems examined. Variations relative to the antigen used occurred. Measles antigen, a rather crude antigen, bound better to PS and to PVC. Toxoplasma antigen, a large protein, gave higher readings with PVC than with PS. Gamma globulin, a small protein and relatively pure antigen, bound well to both PS and PVC. Irradiation of PS plates increased bonding of most antigens but tended to increase background levels of some antigens. Plates made of nylon, polysulfone, and Lucite were less satisfactory in binding the antigens used in this study, although the nylon plates did bind gamma globulin well. This is important to note, since some manufacturers and investigators base their plate selection and quality control on tests with gamma globulin alone. On that basis, the nylon plates would have been among the best, although in fact they were quite poor for both measles and toxoplasma antigens. Selection of plates depends upon the material to be bound.
Well-to-well variation was observed on all plates tested. Edge effect was noted, but statistical analysis indicated that Pretreatment of plates with cleaning agents was not useful or time efficient. Washing with acetone (25%) for 5 min was found useful in removing an oily film from one lot of PS plates which had given unsatisfactory results. Soaking PS plates in 6N HCl for 2 h or more after use, followed by thorough rinsing, did not appreciably change binding characteristics and did permit reuse of the plates. Thus, for situations in which PS plates are difficult to obtain or store, washing is suggested as a viable alternative.
To summarize, PVC and PS microtiter plates for ELISA on the market today are generally satisfactory for use with the ELISA for most protein antigens, but selection of plates for a specific test must be made on an antigen-by-antigen basis. Plastic type, manufacturer, and lot number should be described for each assay, as any change in lot may require changes in the test parameters to obtain equivalent data. Titers determined by serial dilution are less susceptible to problems arising from differences in plate lots and well-towell variation. Qualitative determinations can be made in most ELISAs at one dilution of the sample, provided the correct test dilution is used. Well-to-well variation was found on all plates and was of greater significance than the edge effect. Routine pretreatment was not found to be advantageous unless a batch of plates obviously had some surface contamination such as oil or dust. Washing of plates with 6N HCI for 2 h or more allows successful reuse of PS plates.
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